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Recent advances in the ability to detect people at the early stages of
HIV infection now permit the initiation of antiretroviral treatment
before the full complement of antiviral immune responses has
evolved. However, the influence of early treatment interventions on
the developing anti-HIV immune response is unknown. This study
investigates the impact of standard highly active antiretroviral ther-
apy (HAART) during the primary stages of HIV infection on the plasma
HIV-1 RNA level, CD41 and CD81 lymphocyte counts, and the CD81

cell anti-HIV response. Individuals treated with HAART within 6
months of infection showed dramatic and rapid reductions in HIV-1
RNA levels along with modest increases in CD41 cell number and
decreases in CD81 cell numbers. A significant reduction in the level of
CD81 cell noncytotoxic suppression of HIV replication was observed
over time in most participants receiving HAART. Importantly, those
individuals choosing not to receive therapy maintained low but
detectable HIV-1 RNA levels and showed no reduction in their CD81

cell antiviral response. These results suggest that either continued
antigenic challenge is required to sustain CD81 cell-mediated anti-HIV
activity, or that HAART has some inhibitory effect on this important
immunologic function during the early stages of infection.

The recent introduction of improved antiviral therapies, espe-
cially triple-drug combinations, has improved substantially the

prognosis of many individuals chronically infected with HIV (1–5).
These highly active antiretroviral therapies (HAARTs) take ad-
vantage of multiple drug-class combinations by using two different
inhibitors of reverse transcriptase (RT) with a protease inhibitor.
With successful administration and adherence to the regimen, this
combination can result in dramatic reductions in plasma HIV-1
RNA levels (6–9). Although the impact of this therapeutic regimen
on plasma viremia is well documented, much less is known about
the effect of this treatment on the developing immune response,
especially as it relates to anti-HIV activity.

The primary or acute stage of HIV infection encompasses the
first weeks to months after transmission, at which time viral burdens
are expanding exponentially, and antiviral immune defenses are still
developing. Once the HIV-specific immune response has been
established, viral loads usually decrease until a relative homeostasis
is reached, marking the end of the acute phase of infection (10). The
natural equilibrium of virus burden (or viral set point) reached at
the conclusion of the acute phase can be indicative of the ultimate
clinical course of disease (11–13) and most likely reflects both host-
and pathogen-specific factors.

This study investigates the impact of HAART during very
early stages of HIV infection on viral loads, CD41 and CD81 cell
numbers, and the developing CD81 cell noncytotoxic antiviral
response. Individuals beginning this antiviral therapy regimen
within 6 months of infection showed significant loss of CD81 cell
noncytotoxic activity over time concomitant with decreases in
HIV-1 RNA levels. In contrast, those participants electing not to
receive therapy during primary infection did not demonstrate a
reduction in this cellular immune response over the same
6-month study period. These untreated individuals also showed

modest decreases in viral burdens with no major change in CD41

or CD81 cell numbers. These data indicate that treatment of
acute HIV infection with HAART can lead to a reduced CD81

cell immune response against HIV.

Materials and Methods
Study Subjects. Subjects undergoing the primary stages of infection
with HIV were recruited through the Options Project at San
Francisco General Hospital into the Primary Infection Project. All
participants entered the study either before seroconversion or
during the subsequent 6-month period, as determined by one or
more of the following criteria: (i) plasma HIV RNA without
HIV-specific antibodies; (ii) documentation of seroconversion
within the past 6 months; or (iii) inclusion based on nonreactivity
in a detuned (less sensitive) serum-HIV antibody ELISA (14).
Whole-blood samples were collected at regular intervals during the
course of the study (weeks 0, 4, 12, and 24). The purified peripheral
blood mononuclear cells (PBMCs) evaluated from subjects in this
study were cryopreserved and stored at the University of California,
San Francisco (UCSF) AIDS Specimen Bank before use. Individ-
uals were studied between June 1997 and June 1999, and those
having blood samples available for all time periods were included.
Whole blood from unexposed uninfected donors came from the
Blood Centers of the Pacific. This study received approval from the
Committee for Human Research, UCSF.

Plasma Antibody Levels. Initial plasma samples collected from all
subjects (‘‘screening’’ time point) were diluted 1:200 as per the usual
protocol and tested for anti-HIV antibodies by using a standard
sensitive HIV ELISA (3A11, Abbott). Then, plasma from individ-
uals deemed infected was analyzed by using a less-sensitive (LS)
version of the ELISA at a plasma dilution of 1:20,000. This latter
dilution specifically measures HIV-specific antibodies of high titer
and avidity and permits the identification of those individuals who
have been infected for long periods (LS-enzyme immunoassay
reactive) versus individuals infected within the last 3–5 months
(LS-enzyme immunoassay nonreactive; ref. 14).

Plasma Viral Load Determinations. The plasma viral loads of all study
participants were measured by using the branched DNA assay. The
2.0 version of the assay was used until January 1999, after which the
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3.0 version was used (15). Individuals were informed of viral load
and cell-surface marker data before the initiation of any therapy
and throughout the duration of the study.

Treatment Schedule. HAART, in most cases, consisted of zidovu-
dine (300 mg) plus lamivudine (150 mg), combined in a single pill
(combivir) administered twice daily and indinavir (800 mg) every
8 h or nelfinavir (750 mg) three times daily. Some participants also
received hydroxyurea, and some used other anti-RT therapies (e.g.,
stavudine or didanosine; see Table 1). Week 0 was established as the
date on which each individual either began HAART (‘‘treated’’) or
opted not to initiate treatment (‘‘untreated’’). Untreated partici-
pants received the same evaluation and monitoring throughout the
24 weeks of the study and reported no use of antiviral agents.

PBMC Isolation and Subset Purification. Cryopreserved samples of
PBMCs prepared from whole blood of infected individuals by
FicollyHypaque (Sigma) gradient separation (16) were used. The
CD41 and CD81 cellular fractions were purified by using anti-CD4
or anti-CD8 antibody-coated (anti-CD4yanti-CD8) immunomag-
netic beads (Dynal, Great Neck, NY) as described (17). All cell
preparations were cultured in RPMI medium 1640 containing 10%
(volyvol) heat-inactivated (56°C, 30 min) FCS, 100 unitsyml re-
combinant IL-2 (generously provided by Glaxo Wellcome), 1%
antibiotics (100 unitsyml penicillin and 100 mgyml streptomycin),
and 2 mM glutamine, unless otherwise noted.

In Vitro CD41 Cell Infection. CD41 cells from the PBMCs of
unexposed uninfected donors were isolated by using anti-CD4

immunomagnetic beads and infected in vitro as described (17).
Briefly, the cells were pretreated with phytohemagglutinin (Sigma)
for 3 days (3 mgyml), washed, and treated with polybrene (2 mgyml)
for 30 min. Then, 3 million cells were resuspended in 10,000 tissue
culture 50% infective dose per ml of the b-chemokine-resistant
SF33 strain of HIV-1 (18). This strain of HIV has been maintained
in primary PBMCs since its isolation (19–21). After 1 h, these in
vitro infected CD41 cells were washed and resuspended at a
concentration of 2 3 106 cells per ml in the RPMI medium 1640.

Acute Infection Assay for CD81 Cell Noncytotoxic Anti-HIV Activity.
Acute virus suppression assays were conducted as described (17).
Briefly, the CD41 cells from uninfected control subjects were
infected acutely with HIV-1SF33 and cultured in growth medium
containing 100 unitsyml recombinant IL-2, both alone and in the
presence of CD81 cells at CD81:CD41 cell ratios of 0.25:1, 0.5:1,
and (when cell numbers allowed) 1:1. These cell mixtures were
placed in 96-well plates in a final volume of 200 ml per well and
incubated for 7–10 days at 37°C. Fluids in the cell cultures were
replenished every 3–4 days by collecting half of the supernatant and
replacing this fluid with fresh medium. Collected supernatants were
monitored for RT activity as described (22). The percentage of
suppression was calculated by comparing the average value of RT
activity in culture fluids from six control wells containing replicates
of infected CD41 cells grown alone, with the average RT activity
in fluids from duplicate wells containing cocultured CD81:CD41

cells. Levels of suppression amounting to .50% reduction in RT
activity of cocultures compared with infected CD41 cells grown
alone (normally 1 3 106 to 2 3 106 cpmyml) were considered
positive. Suppression was considered high when .90% reduction of
supernatant RT activity was observed.

Statistical Analysis. Paired and unpaired Student’s t tests were
performed within groups to evaluate changes over time or to
analyze differences between groups at individual time points,
respectively, by using SAS 7 software (Cary, NC). Proportions of
treated and untreated subjects achieving specified levels of
CD81 cell suppression were compared by using Fisher’s exact
test. Paired comparisons of proportions achieving specified
levels of CD81 cell suppression at different time points within
treatment groups were made by using McNemar’s test (23).

Results
Study Population. The 26 subjects in the primary stages of HIV
infection were followed for a 24-week period. Of these individ-
uals, 21 chose to receive HAART, and 5 elected no therapy.
Table 1 presents demographic and specific treatment data on the
entire study population as well as the individual treatment
groups. Included in the study group are 2 females and 24 males
with an overall mean age of 33 years. Of the participants, 31%
(8 of 36) reported belonging to non-white ethnic groups. No
statistically significant difference was observed between the two
populations for any of these parameters at the start of the study.

Viral Loads. Plasma viral load was evaluated in each individual
starting just before the initiation of therapy or the decision not to
begin treatment (week 0) and at regular intervals through week 24.
Table 2 presents the means and ranges of HIV-1 RNA levels
(copies per ml) as well as the percentage of individuals demon-
strating undetectable (,500 copies per ml) viral loads for each of
the two subject groups: HAART-treated or untreated participants.
Subjects receiving antiretroviral therapy demonstrated substantial
reductions in HIV-1 RNA levels. Over half of the participants (12
of 21) reached undetectable levels (,500 copies per ml) by the 4th
week of the study. Pretherapy levels of viral RNA averaged
'137,513 copies per ml in the HAART-treated population. Over-
all, HIV-1 RNA levels were ,500 copies per ml in all but one
treated individual by week 12 (Table 2). During the period under

Table 1. Subject characteristics by treatment status

Characteristic
HAART,
n 5 21

No HAART,
n 5 5

P
value

Male, n (%) 15 (94) 5 (100) 0.8
Female, n (%) 1 (6) 0 (0)
Age years (mean) 34 29 0.2

Range (25 to 53) (23 to 35)
Ethnicity

Asian 2 (6%) 0 (0%) 0.1
Caucasian 14 (67%) 4 (80%)
Hispanic 5 (24%) 0 (0%)
Pacific Islander 0 (0%) 1 (20%)

HIV risk factor
Men sex with men 19 (94%) 5 (100%) 0.6
Heterosexual sex 2 (6%) 0 (0%)

Stage of HIV at diagnosis
Preseroconversion 4 (19%) 0 (0%) 0.3
#30 days after seroconversion 3 (14%) 0 (0%)
,6 months after seroconversion 14 (67%) 5 (100%)

Initial treatment regimen
ZDV 1 3TC 1 nelfinavir 13 (62%)* —
ddI 1 d4T 1 nelfinavir

1 hydroxyurea
4 (19%) —

ZDV 1 3TC 1 indinavir 1 (5%) —
3TC 1 d4T 1 nevirapine 1 (5%) —
d4T 1 3TC 1 nelfinavir

1 hydroxyurea
1 (5%) —

ZDV 1 3TC 1 efavirenz 1 (5%) —

Age (years), sex, race, HIV risk factors, stage of infection at diagnosis, and
treatment, if any, are shown for HAART-treated and untreated individuals ex-
periencing primary HIV infection. No statistically significant difference was ob-
served between the treated and untreated groups. P values are for comparisons
between the treated and untreated groups using Fisher’s exact test for dichot-
omous categorical variables, chi square for categorical variables with more than
two values, and Student’s t test for continuous variables. n 5 number of individ-
uals. ZDV, zidovudine; 3TC, lamivudine; ddI, didanosine; d4T, stavudine.
*One of these subjects switched from ZDV to d4T after week 8.
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study, subjects receiving therapy reported an average of .90%
adherence to the treatment regimen (data not shown).

Initial plasma HIV-1 RNA levels were somewhat lower for
individuals opting not to receive treatment (mean of '66,000
copies per ml) (Table 2), but this amount did not differ signif-
icantly from that of the treated population (P 5 0.34). HIV-1
RNA levels in one of the five individuals opting not to receive
HAART remained undetectable for the duration of the study
(Table 2). The level of plasma HIV-1 RNA decreased in the
untreated group to a mean of '14,000 copies per ml (0.4-log
reduction) by week 24 of the study. This decrease over time was
not statistically significant. In comparing the treated and un-
treated groups, a statistically significant difference in plasma
HIV RNA levels was reached by week 4 of the study (P 5 0.005).

CD41 and CD81 Cell Numbers. PBMCs collected from both study
populations were monitored for the number of cells expressing
CD4 and CD8 surface markers over time. Table 3 shows the
mean number and ranges of CD4- and CD8-expressing cells
found in treated and untreated populations at weeks 0, 4, 12, and
24. Initial CD81 cell numbers were modestly higher in the
treated population, whereas CD41 cell numbers showed no
substantial difference between the two groups. Treated and
untreated populations showed similar increases in CD41 cell
numbers over the course of the study (15 and 11%, respectively).
However, these groups differed with respect to changes in CD81

cell numbers. Although the HAART-treated individuals showed
a 16% decrease in the mean number of CD81 cells over the 24
weeks, untreated patients demonstrated a 17% increase in this
same cell subset (Table 3). Overall, the numbers of both CD41

and CD81 cells were higher at week 24 in the untreated
population. None of these changes in cellular subsets reached
statistical significance either within or between groups.

CD81 Cell Noncytotoxic Responses in HAART-Treated Subjects. CD81

cells from the peripheral blood of 21 individuals receiving HAART
during the primary stages of HIV infection were analyzed for their
ability to suppress HIV replication in a noncytotoxic assay (see
Materials and Methods). Fig. 1 shows CD81 cell-suppression results
at a CD81:CD41 cell ratio of 0.5:1 for the 21 treated individuals
beginning at week 0 (just before the start of therapy) and at 4, 12,
and 24 weeks of HAART. The 0.5:1 ratio was chosen for presen-
tation of these data, because it represented a ratio consistently
evaluated in all individuals at each time point. Similar patterns of
anti-HIV activity were observed at all ratios tested (0.25:1 to 1:1,
data not shown), although low recovery of CD81 cells in some
samples precluded evaluation at a ratio of 1:1.

Most individuals receiving HAART (16 of 21, 76%) exhibited
.50% suppression by CD81 cells at week 0, the time closest to
initial infection (Table 4). Moreover, the majority of the treated
subjects (15 of 21, 71%) exhibited their peak levels of CD81 cell
suppression at this time point (week 0; see Fig. 1). Of these subjects,
only four exhibited either relative maintenance or elevation of these
levels of suppression at the end of the study (week 24). In fact, only
8 of the 21 treated individuals (38%) demonstrated any significant
CD81 cell suppression (.50%) at week 24, compared with 76% of
these same individuals at the start of the study (Table 4). A
statistically significant loss in the level of CD81 cell suppression
from week 0 to 24 was found in this population (P 5 0.01).

CD81 Cell Noncytotoxic Responses in Untreated Subjects. Five indi-
viduals diagnosed during the primary stages of HIV infection
elected not to receive therapy. Identical studies to those per-
formed in the treated group were conducted with peripheral
blood samples collected from the untreated participants. Non-
cytotoxic anti-HIV suppression levels were obtained from these
subjects from the time at which they elected not to receive
therapy (designated week 0) through several follow-up time

Table 2. Viral load measurements in HAART-treated and untreated subjects

Category Week 0 Week 4 Week 12 Week 24

HAART-treated (n 5 21)
Mean HIV-1 RNA 137,513 1,193 500 568
HIV-1 RNA range ,500–.1,600,000 ,500–5,136 ,500–513 ,500–1,947
Subjects with HIV-1 RNA ,500 14% (3 of 21) 57% (12 of 21) 95% (20 of 21) 95% (20 of 21)

Untreated (n 5 5)
Mean HIV-1 RNA 65,795 23,888 24,630 14,031
HIV-1 RNA range ,500–296,549 ,500–73,740 ,500–71,150 ,500–27,222
Subjects with HIV-1 RNA ,500 20% (1 of 5) 20% (1 of 5) 20% (1 of 5) 20% (1 of 5)

P value comparing mean HIV-1 RNA 0.34 0.005 ,0.001 ,0.001

The mean and viral-load ranges (RNA copies per ml) are shown for both HAART-treated and untreated populations over time, as well as
the fraction of individuals with detectable levels of plasma virus. Week 0 time point is before the initiation of therapy or when no therapeutic
intervention was chosen for the treated and untreated groups, respectively. P values were calculated by comparing HIV-1 RNA levels for the
treated and untreated groups at each time point by using the Student’s t test. n 5 number of individuals. Subjects with an HIV-1 RNA ,500
copies per ml were counted as having an HIV-1 RNA level of 500 copies per ml for calculations of the mean HIV-1 RNA level.

Table 3. Mean CD41 and CD81 cell numbers in HAART-treated and untreated subjects

Category Week 0 Week 4 Week 12 Week 24 Change, %

HAART-treated (n 5 21)
CD41 cells (range) 581 (288–1,000) 675 (432–1,275) 658 (342–1,170) 667 (300–1,015) 115
CD81 cells (range) 867 (232–2,280) 773 (378–3,009) 725 (288–1,152) 725 (286–1,610) 216

Untreated (n 5 5)
CD41 cells (range) 636 (300–1,452) 654 (357–1,300) 679 (357–1,118) 707 (420–1,288) 111
CD81 cells (range) 697 (378–1,155) 651 (374–858) 797 (425–1,000) 815 (500–1,150) 117

Mean and ranges of CD41 and CD81 cell counts (per ml) are shown for both HAART-treated and untreated groups over time. The week 0 time point is before
the initiation of therapy or when no therapeutic intervention was chosen for the treated and untreated groups, respectively. The final column shows percentage
of increase or decrease for each group in mean number of CD41 or CD81 cells, comparing week 0 with week 24. No statistically significant difference was observed
either within or between treatment groups at any time point. n 5 number of individuals.
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points, as was used with treated subjects. Fig. 2 shows the
percentage of CD81 cell noncytotoxic suppression of virus
replication over time at the CD81:CD41 cell ratio of 0.5:1.

As with the treated individuals, most untreated participants (3 of
5) demonstrated significant levels of CD81 cell-mediated suppres-
sion (.50% reduction in virus replication) at the start of the study.
Additionally, all four of the tested subjects had CD81 cell-
suppression levels $50% by week 4 of the study (see Fig. 2 and
Table 4). However, unlike the HAART-treated group, the entire
untreated population either sustained this relative level or showed
an increase in the magnitude of CD81 cell antiviral activity over the
course of 24 weeks. No statistically significant difference was found
between the starting (week 0) and ending (week 24) levels of CD81

cell suppression in these individuals (P 5 0.11). All untreated
individuals demonstrated .50% suppression of virus replication at
week 24; three of these five maintained high levels of antiviral

activity in excess of 90%. At week 24, CD81 cell suppression at
.50% was significantly more frequent in the untreated compared
with the treated population (P 5 0.04). No significant difference
was observed in initial (week 0) levels of CD81 cell suppression
between the two populations (P 5 0.1).

Overall Observations on CD81 Cell Anti-HIV Responses in Primary
Infection Subjects. In general, two patterns of CD81 cell suppression
can be discerned in participants experiencing the primary stages of
HIV infection: maintenance or enhancement of the CD81 cell
suppression vs. reduction in this antiviral response. In the HAART-
treated group, the majority of subjects (13 of 21, 62%) had an
overall decrease in the level of their CD81 cell suppression over
time, whereas only 4 of 21 (19%) demonstrated any substantial
enhancement of this immune response (see Fig. 1). Conversely, the
untreated clinical group demonstrated enhanced noncytotoxic sup-

Fig. 1. Effect of HAART treatment on CD81 cell noncytotoxic anti-HIV activity in primary infection. The percentage of suppression of HIV-1SF33 replication at
a CD81:CD41 cell ratio of 0.5:1 is presented for 21 individuals experiencing the primary stages of HIV infection and receiving highly active antiretroviral therapy
for a period of 24 weeks. Week 0 represents the level of CD81 cell suppression before the initiation of HAART, compared with weeks 4, 12, or 24 of treatment.
Statistical significance was determined by comparing the actual suppression values of all participants at week 0 with these same measurements at week 24
(P 5 0.01). Red line, maintained or enhanced antiviral response; blue line, decreased antiviral response.

Table 4. CD81 cell noncytotoxic anti-HIV suppression in HAART-treated and untreated subjects

Extent of CD81 cell suppression, % Subject category Week 0 Week 4 Week 12 Week 24

.50 Treated 16 of 21 (76%) 4 of 9 (44%) 8 of 15 (53%) 8 of 21 (38%)*
Untreated 3 of 5 (60%) 4 of 4 (100%) 5 of 5 (100%) 5 of 5 (100%)**

$90 Treated 8 of 21 (38%) 2 of 9 (22%) 7 of 15 (47%) 5 of 21 (24%)
Untreated 1 of 5 (20%) 2 of 4 (50%) 3 of 5 (60%) 3 of 5 (60%)

Values shown are the fraction and percentage of individuals whose CD81 cells demonstrate .50% or $90% inhibition of HIV-1SF33 (CXCR4-tropic, b

chemokine-resistant virus) replication in an acute infection assay. Inhibition of virus replication was assessed by evaluating RT levels in culture supernatants (see
Materials and Methods) on days 3, 7, and 10 after infection. The final level of suppression was determined on the day of peak reverse transcriptase activity in
wells containing only control infected CD41 cells (typically 1 3 106 to 2 3 106 cpmyml). *, P 5 0.01 in comparing CD81 cell anti-HIV response between week 0
and week 24 (McNemar’s test); **, P 5 0.04 in comparing treated and untreated subjects at week 24 (Fisher’s exact test).
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pression activity in three of five cases, with the remainder of the
group exhibiting maintenance of this response over time (Fig. 2).

Discussion
HAART plays a well documented role in significantly reducing
plasma HIV-1 RNA levels in HIV-infected individuals (6–9).
Moreover, treatment of acute infection can reduce clinical
symptoms and declines in CD41 cell numbers (24–26). However,
little is known about its potential effect on either the state of the
immune system or, more specifically, the natural anti-HIV
response. Anti-HIV drugs have been shown to reduce PBMC
proliferative responses to mitogen (27). In fact, most of the
salient HIV-specific immune responses likely take place very
early in infection, during the acute or primary stages shortly after
virus transmission. This point is illustrated in the observation
that the viral set point within an infected individual, reflecting
the contribution of both host and viral factors, is established
normally within the first months after transmission (10). Like-
wise, this balance point can be prognostic for the eventual
clinical outcome (12, 13). The major immunologic components
involved in limiting HIV infection seem to be HIV-specific
CD81 T cells, potentially assisted by CD41 helper cells (28–31).
Importantly, the two populations that might be expected to
illustrate productive anti-HIV responses, clinically healthy HIV-
infected long term survivors and highly exposed but uninfected
individuals, both demonstrate strong natural CD81 cell re-
sponses (both cytotoxic and noncytotoxic) against the virus (17,
32–36). In this study, we have investigated the status of the salient
CD81 cell anti-HIV noncytotoxic response and compared the
relative levels of this virus-inhibiting activity in HAART-treated
vs. untreated individuals during the earliest stages of infection.

Most notably, primary-infection subjects receiving HAART
showed an overall reduction in the levels of CD81 cell antiviral
activity after 24 weeks of therapy. Although this finding was not
present in some individual cases, CD81 cells from 13 of 21 (62%)
of those subjects receiving HAART showed a reduction in anti-
HIV inhibition potential over the course of this 6-month study; a
statistically significant decrease was observed in the group overall
(P 5 0.01). This observation can be compared with the untreated
population in which only one of the five patients demonstrated a
small decline in CD81 cell suppression, from 99 to 83% by week 24
(Fig. 2). An overall trend toward elevated levels of CD81 cell
suppression was observed in this latter untreated group. Although
we had only a small number of subjects who chose not to receive
therapy, previous studies in our laboratory with large numbers of
HIV-infected individuals who have remained healthy for long
periods of time indicate the stability of this CD81 cell noncytotoxic
anti-HIV response over time (17).

Several recent reports on the use of long-term HAART during
either primary or chronic HIV infection also found reductions
in B cell and T cell antiviral responses (26, 37–40). In one study
of chronic HIV infection, the noncytotoxic CD81 cell immune
response was noted to decrease with time after treatment (39).
Likewise, cytotoxic T lymphocyte responses have been found to
diminish during long-term HAART exposure, both in primary
and chronic infection stages (26, 38, 39). Conversely, Rosenberg
et al. (31) reported that some HIV-specific CD41 cell helper
responses are enhanced with HAART treatment during acute
infection. This study differs from ours in two major ways: (i) no
untreated participants in the acute stages of infection were
available for comparison, and (ii) the three individuals studied
(31) were all treated before seroconversion. This latter point
raises the possibility that therapeutic intervention before the

Fig. 2. CD81 cell noncytotoxic anti-HIV activity in untreated primary infection subjects. The percentage of suppression of HIV-1SF33 replication at a CD81:CD41

cell ratio of 0.5:1 is presented for five individuals experiencing the primary stages of HIV infection and receiving no therapeutic intervention. Week 0 represents
the level of CD81 cell suppression at the time each patient elected not to receive treatment, compared with weeks 4, 12, and 24 of follow-up. No statistical
significance was observed when comparing the actual suppression values of all participants at week 0 with these same measurements at week 24 (P 5 0.1).
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appearance of specific anti-HIV antibodies may affect the
immune response differently than when used after the antiviral
immunity has developed.

One confounding feature of the present study was that those
participants opting for no therapy generally had lower initial viral
loads than those choosing therapy, although at least one untreated
individual exhibited a viral burden near 300,000 copies per ml at
week 0 (Table 2). Nevertheless, these starting differences in plasma
HIV-1 RNA levels between the treated and untreated groups were
not statistically significant. However, it remains possible that those
individuals who received treatment could still be biologically dif-
ferent from the subjects who chose no therapy. The observed
variability is most likely due to the fact that individuals were
informed of their clinical data before making therapy choices and
were therefore more likely to elect no treatment if their viral
burdens were small. However, if the level of initial HIV-1 RNA was
solely indicative of CD81 cell-suppression responses, we would
expect to see strong antiviral activity in all individuals with initially
low HIV-1 RNA values. This expectation was not necessarily the
case. Several treated subjects began the study with low-level plasma
HIV-1 RNA and modest CD81 cell anti-HIV responses. They then
experienced a reduction in their HIV-specific immune response
over time, suggesting a link between treatment and inhibition of
CD81 cell suppression. Of particular interest, one individual who
received HAART and showed a precipitous drop in CD81 cell
responses recently elected to stop therapy after 48 weeks of
undetectable HIV-1 RNA. This individual experienced a return of
strong CD81 cell antiviral responses with, as yet, no rebound in
virus (unpublished observations).

Importantly, untreated subjects under study, all of whom
demonstrated strong CD81 cell noncytotoxic suppression, main-
tained persistent but low-level viremia. It seems reasonable that
a persistent low-level viremia may have contributed to mainte-
nance of the CD81 cell antiviral response in these untreated
individuals. Thus, some virus replication could help maintain
this natural antiviral immune response. In this regard, the four
individuals on HAART who maintained CD81 cell antiviral
activity are noteworthy. Conceivably, they were not as adherent
to therapy, or they had brief bursts of viral replication that were
not noted at the time points tested for HIV-1 RNA levels.

The overall combination of CD81 cell cytotoxic (T lymphocyte)
and noncytotoxic activity and appropriate CD41 cell help likely

contribute to the control of HIV infection in vivo (10). These
immunologic markers are potentially important considerations,
along with viral burdens and CD41 cell numbers, for determining
clinical prognosis, because they specifically measure the robustness
of the anti-HIV-specific cellular response. Based on the relative
ease of cell-to-cell transfer versus-free virus-mediated spread (41),
more than one immune mechanism most likely is needed to reduce
the number of infected cells in the host. The effects of limiting the
noncytotoxic CD81 cell responses are unknown. HAART has
proven to be highly effective for decreasing HIV-1 RNA levels and
increasing CD41 cells, both commonly viewed as surrogate markers
of disease progression. However, the influence of antiviral therapy
on immunologic control of the virus must be considered. Therefore,
the strategic timing of HAART initiation such that key immune
responses are not blunted remains a salient clinical-research issue.
Moreover, approaches to boost anti-HIV immune responses for
individuals on HAART merit further attention.

The present study suggests that special consideration should be
given in decisions on when and whether to use HAART. Although
reduction in free virus is important for the management of trans-
mission and control of virus spread, this favorable result should not
overshadow the valuable contribution of an effective natural host-
immune response to the pathogen. In the untreated subjects
included in this study, low-level HIV-1 RNA was observed con-
comitant with an increase in CD81 cell number (Table 3) and a
strong CD81 cell antiviral response (Table 4). Initiating HAART
during the primary stages of infection may blunt the still-developing
anti-HIV immune activity. Recently, HAART has been reported to
show an inhibitory effect on immune activity (42). This decrease in
the anti-HIV noncytotoxic CD81 cell response, caused by either
limited antigenic challenge or some other effect of therapy on
CD81 cell responses, could be detrimental to the overall course of
the infection.
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